In this paper, the effect of lab-made gas mixing unit and inter-electrode distance on, current-voltage characteristics of argon and argon-nitrogen plasma, Paschen's curve and variation of discharge current with working pressure are presented. The results showed the mixing of nitrogen gas with argon at ratio Ar:N 2 of 1:1, an increase in the discharge current was observed, while at ratio Ar:N 2 of 2.5:1 which increases the discharge current at the distance of 7.5 cm. Paschen's curves have been showed, it is clear that the breakdown voltage V B increases as nitrogen gas percentage 50%. This effect is due to, the additional energy loss channel nitrogen gas such as vibration, rotational and molecular dissociation. The discharge current was varied by changing the working gas pressure. With increasing of working gas pressure, which is attributed to more molecules which are available for the electrons to collide with and to generate a new free electron and a positive ion and so making the DC voltage more negative. The discharge current is decreasing with increasing gas pressure above 3 mbar. The relation was plotted at certain discharge voltage of 600 V and three certain distances between the electrodes of (2.5, 4.5 and 7.5 cm).
Introduction
The DC glow discharges have been extensively used in the gas laser, material processing [1] and thin film deposition [2] . Therefore, the research into the conditions of the glow discharge breakdown is of considerable interest. Gas discharge breakdown is a complex process which generally begins at electronic avalanche. A gas in its normal state is almost a perfect isolator. Various phenomena occur in gaseous dielectrics when a voltage is applied. When the applied voltage is low, small currents flow between the electrodes and the insulation retains its electrical properties. On the other hand, if the applied voltages are large, the current flowing through the insulation increases very sharply, and an electrical breakdown occurs [3] .
As far as it is known, the breakdown curves of the glow discharge are described by Paschen's law
f pd = ; i.e. the breakdown voltage depends on the electrode distance (d) and the gas pressure (p) [4] . Primary electronic ionization occurs prior to cascade ionization. Townsend introduced a coefficient α known as Townsend's first ionization coefficient and is defined as the number of electrons produced by an electron per unit length of path in the direction of field. Once the Townsend ionization coefficient becomes sufficiently high along with the intensification of electric field, current will transfer from non-selfmaintained to self-maintained process, that is, electric breakdown occurs. The first Townsend's coefficient, which depends on the gas type and gas pressure, as well as on the electric field E in the inter-electrode space, can be expressed following Townsend theory as:
where A and B are normally determined experimentally and have been found to be relatively constant for a given gas over a range of fields and pressures. It is more convenient to use the ionization coefficient η (or ionization efficiency) defined as the number of ionization events caused by an electron in passing through a potential difference of one volt [5] :
This quantity depends only on the reduced electric field E/P. The experimental data are usually presented either in the form (E/P). Next, attention is turned to the consequences of the subsequent motion of the positive ions. Acceleration of the positive ions in the electric field leads, in principle, to secondary emission of electrons from the negative electrode, when they reach there, at a rate of γ electrons per incident ion [6] is known as the effective secondary electron emission coefficient, or second Townsend coefficient γ. Additionally to α it is an important parameter in the Townsend regime and it depends on the electrode material and on the nature of the filling gas used. The secondary ionization coefficient is related to that of Townsend's first ionization coefficient α, and by using Equation (6) , this dependence can be expressed in terms of the ionization coefficient η [5] [7] :
Thus, γ depends on the cathode material and gas type, as well as on the ratio E/P [8] . Gas discharge breakdown voltage VB is the minimum voltage required for initial breakdown of discharge. Before Townsend proposed the gas discharge breakdown theory, Paschen has found through experiment the function between gas discharge breakdown voltage and the product of gas pressure (p) and cathode-anode distance (d), following is the Paschen law expression of Townsend discharge [9] :
The existence of a minimum breakdown voltage in Paschen's curve may be explained as follows: For values of pd > (pd) min, electrons crossing the gap make more frequent collisions with gas molecules than at (pd)min, but the energy gained between collisions is lower. Hence, to maintain the desired ionization more voltage has to be applied. For pd < (pd) min, electron may cross the gap without even making a collision or making only less number of collisions. Hence, more voltage has to be applied for breakdown to occur [3] [10] . When the external voltage is raised to a certain degree, discharge mode turns into glow discharge or spark discharge and the conversion process is breakdown. The inter-electrode voltage needed for the transition from non-self-sustaining discharge to self-sustaining discharge is called ignition voltage or breakdown voltage, and this is an important parameter of gas discharge device.
Through measuring the relationship between the ignition voltage and breakdown distance and gas pressure Paschen discovered a law that: the homogeneous field will be formed between the inter-electrodes after applying DC voltage to the two parallel plate electrodes. The inter-electrode distance is made as d (mm) and pressure is p(Pa), if gas components and electrode stuff are assured, and the gas is homoiothermal, then ignition voltage Ub is a function of pd instead of the two variables: p and d, under the cold electrode condition, and Ub have a mini-mum Ubmin when the numerical value of pd is changed. Later, the law is called Paschen's Law [11] .
Experiment
The magnetron sputtering system used in this work was designed to include vacuum chamber, discharge electrodes and magnetron assembly, vacuum unit, dc power supplies, gas mixer unit, cooling system, heating system, monitoring camera and measuring instruments. The system is schematically shown in 
Results and Discussion
The value of the voltage V across the plasma chamber, is a highly nonlinear function of the current, I (charge flow), down through the chamber. This is shown in Figure 3 Also, the discharge current was measured as a function of inter-electrode distance as shown in Figure 4 . It is clear, the current slightly increases at distance from 2.5 to 3.5 cm, but decreases at distance of 4.5 cm, obviously increases at distance of 5.5 cm, and decreases at distance of 6.5 cm and 7.5 cm. The behavior between discharge current and discharge voltage is nonlinear. At certain interelectrode distance (e.g., 2.5 cm), the discharge current increases with increasing B. T. Chiad et al.
6/12
OALib Journal Figure 3 . Current-voltage characteristics of argon gas discharge at different inter electrode distances (2.5 -7.5 cm) and working pressure of 0.6 mbar. Figure 4 . Variation of discharge current with inter-electrode distance at certain discharge voltages with using magnetron. discharge voltage. This behavior is the same at all distances. At high voltages (>350 V), the discharge current is reasonably increased with increasing the distance, while the variation in the discharge current with distance is very small at lower voltages (<300 V). The electrodes are fully covered by the discharge and any increase in discharge current leads to an increase in the cathode fall. So, the voltage across the electrodes rises sharply.
Different mixing ratios of Ar:N 2 are characterized to determine the optimum ratio at which the required silicon nitride will be prepared, as shown in Figure 5 .
It is clearly the mixing of nitrogen gas with argon at ratio Ar:N 2 of 1:1, an increase in the discharge current was observed, while as shown in Figure 6 , at ratio Ar:N 2 of 2.5:1 which increases the discharge current at the distance of 7.5 cm.
The difference is very small at low discharge voltages (200 -300 V) because the B. T. Chiad et al.
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OALib Journal major contribution of nitrogen molecules is due to the ionization by primary electrons. This difference is clearly observed at high discharge voltages (>300 V) because the secondary electrons are accelerated by higher electric field (V/d) and then the ionization of nitrogen molecules by collisions with these electrons is increased. Therefore, the contributions of ionized molecules are added.
In Figure 7 , the Paschen's curve of argon gas discharge with magnetrons at different inter-electrode distances (2.5 -7.5 cm) in order to determine the point at which the sputtering process is applicable. It follows from this figures, that on increasing the gap d the curves is shifted not only to the region of higher break- These results can be explained as a decrease in the collision frequency. At low gas pressure, the electron mean free path was longer and collision probability was less than that at high gas pressure, so there were few collisions. Therefore, electrons need more energy to ionize the neutral atoms. At inter-electrode dis- The variation of the breakdown potential as a function of gas pressure at inter-electrode distance (2.5 and 4.5 cm) respectively. It is clear that the breakdown voltage V B increases as nitrogen gas percentage 50%, as shown in Figure 8 and Figure 9 . This effect is due to, the additional energy loss channel nitrogen gas such as vibration, rotational and molecular dissociation, V B abruptly was increased when the small amount of nitrogen was added. This curves was clearly shifted upward due to the presence of nitrogen molecules in the gas mixture and rise to discharge current [13] . With increasing of working gas pressure, which is attributed to more molecules which are available for the electrons to collide with and to generate a new free electron and a positive ion and so making the DC voltage more negative. The discharge current increase (up to 44 mA) with small increase in working gas pressure. The discharge current is decreasing with increasing gas pressure above 3 mbar. The relation was plotted at certain discharge voltage of 600 V and three certain distances between the electrodes of (2.5, 4.5 and 7.5 cm).
Conclusion
The main results of this work can be summarized as follows: As the inter-electrode distance increased the breakdown voltage increases of range (2.5 -7.5) cm.
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OALib Journal By using a lab-made gas mixer unit we conclude, the addition of N 2 to Ar discharge causes an increase in the values of breakdown voltage value. As we can see, the addition of gas mixer unit as a new part to the system of plasma sputtering was not confusing the characterization of plasma discharge.
